This paper presents an investigation into the comparative performance of intelligent system identification and control algorithms within the framework of an active vibration control (AVC) system. Evolutionary Genetic algorithms (GAs) and Adaptive Neuro-Fuzzy Inference system (ANFIS) algorithms are used to develop mechanisms of an AVC system, where the controller is designed based on optimal vibration suppression using the plant model. A simulation platform of a flexible beam system in transverse vibration using finite difference (FD) method is considered to demonstrate the capabilities of the AVC system using GAs and ANFIS. MATLAB GA tool box for GAs and Fuzzy Logic tool box for ANFIS function are used to design the AVC system. The system is then implemented, tested and its performance assessed for GAs and ANFIS based algorithms. Finally, a comparative performance of the algorithms in implementing system identification and corresponding AVC system using GAs and ANFIS is presented and discussed through a set of experiments.
INTRODUCTION
This research presents an investigation into the comparative performance of intelligent algorithms for system identification and control. The main motivation of this investigation is to explore and demonstrate the capabilities of the two algorithms in implementing an intelligent active vibration control (AVC) system. An AVC framework for a flexible beam is designed using Genetic algorithms (GAs) and Adaptive Neuro-Fuzzy Inference system (ANFIS). A finite difference (FD) simulation model of a flexible beam system is used to estimate the parameters of the AVC system using GAs and ANFIS. The AVC system is then employed to the simulation platform of the flexible system to demonstrate the merits of the algorithms. Worth mentioning is that this is an extension of the research investigation reported earlier in Hossain et al (2004) and Madkour et al (2004) . Tokhi and Hossain (1997) reported earlier that the conventional on-line system identification schemes are in essence local search techniques. These techniques often fail in the search for the global optimum if the search space is not difFerentiable or linear in the parameters. On the other hand, these techniques do not iterate more than once on each datum received. In contrast, as mentioned earlier, real-time estimation scheme requires an updated parameter within the time span between successive samples (Xia & Moore, 1989; Chen & Zhang, 1990 ). An alternative strategy using an artificial intelligence algorithm could provide a better solution. To achieve this goal, the two most commonly used algorithms are used to demonstrate their capabilities for system identification and control.
Traditional methods of vibration suppression include passive control, consisting of mounting passive material on the structure. On the other hand, AVC consists of artificially generating canceling source(s) to interfere destructively with the unwanted source and thus resulting in a reduction in the level of the vibration (disturbances) at desired location(s). This is realized by detecting and processing the vibration by a suitable electronic controller so that, when superimposed on the disturbances, cancellation occurs. Due to the broadband nature of the disturbances, it is required that the control mechanism in an AVC system realkes suitable frequencydependent characteristics so that cancellation over a broad range of frequencies is achieved. In practice, the spectral contents of the disturbances as well as the characteristics of system components are, in general, subject to variation, giving rise to time-varying phenomena. This implies that the control mechanism is farther required to be intelligent enough to track these variations, so that the desired level of performance is achieved and maintained (Tokhi & Leitch, 1991) .
Noticeable amounts of theoretical and practical work have been reported in the area of active control. Some of these (Elliot & Nelson, 1986; Elliott et al, 1987; Chaplin & Smith, 1981; Tokhi & Leitch, 1991; Tokhi & Hossain, 1994 , 2002 as suitable test and verification platform. An AVC system is designed using a single input single output control structure to yield optimum cancellation of broadband vibration at a set of observation points along the beam. The controller design relations are formulated such as to allow on-line design and implementation and thus, yield an adaptive control algorithm (Tokhi, et al, 2002; Tokhi & Hossain, 1994) .
The evolutionary GAs and the ANF1S algorithm of the MATLAB tool boxes are used to estimate the controller characteristics, where the controller is designed based on the plant model. This is realized by minimizing the prediction error of the actual plant output and the model output. The flexible beam system mentioned above is considered as the plant model. An AVC system is designed for optimum cancellation of broadband vibration along the beam. The AVC algorithm is designed, implemented and tested using GAs and ANFIS algorithm. Finally, the performances of the both algorithms in implementing identification and control algorithms are assessed in the suppression of vibration along the beam. These are presented and discussed through a set of experiments.
ALGORITHMS
The intelligent active vibration control algorithm consists of flexible beam simulation algorithm, control algorithm and system identification using GAs and ANFIS. These are briefly described below.
Simulation and Control Algorithms
Consider a cantilever beam system with a force F(x,t) applied at a distance χ from its fixed (clamped) end at time t. This will result in a deflection y{x,t) of the beam from its stationary position at the point where the force has been applied. In this manner, the governing dynamic equation of the beam is given by (1) can be obtained as (Kourmoulis, 1990 ) is a vector representing the deflection of end of sections 1 to λ of the beam at time step /. Equation (2) is the required relation for the simulation algorithm.
A schematic diagram of an AVC structure is shown in Figure 1 . A single-input single-output active vibration control system is considered for vibration suppression of the beam. The unwanted (primary) disturbance is detected by a detection sensor, processed by a controller to generate a canceling (secondary, control) signal to achieve cancellation at an observation point along the beam. The objective in Figure   1 is to achieve total (optimum) vibration suppression at the observation point. This requires the primary and secondary signals at the observation point to be equal in amplitudes and to have a 180° phase difference. Synthesizing the controller based on this objective will yield the required controller transfer function as given in (Tokhi and Hossain, 1994) . where, Q 0 and Qi represent the equivalent transfer functions of the system (with input at the detector and output at the observer) when the secondary source is off and on respectively. Equation (3) is the required controller design rule, which can easily be implemented on-line. This will involve estimating Q 0 and Q\ using a suitable systemidentification algorithm, designing the controller using Eq. (3) and implementing the controller to generate the control signal. In this investigation, two intelligent algorithms are used for system identification algorithms to estimate the controller parameters of the A VC system. The methodologies of using these two algorithms are briefly described in the next section.
Intelligent Identification Algorithms
As mentioned earlier, two intelligent algorithms, namely GAs and ANFIS are used to device the mechanism of intelligent system identification for the control system. These are briefly described below.
Genetic algorithms. The GAs are the algorithms for simultaneously evaluating many points in the parameter space and converges towards the global solution. This type of algorithm differs from other search techniques by the use of concepts taken from natural genetics and evolution theory. The genetic algorithm is used based on the method of minimization of the prediction error (Tokhi & Hossain, 1997 f(e) = Σ I.Κ*)-*«I (4) i=l where y(k) is measured output, y(k) is the estimated model output, and r is the number of sets of measurement considered. Eq. (4) may be written in vector form as:
where, θ 0 is the current (estimated) model parameter vector and ij/(k) is known as the observation matrix, is a row vector of the measured input/output signals.
Adaptive neuro-fuzz inference system. The ANFIS algorithm provides a method for the fuzzy modeling procedure to leam information about a data set, in order to compute the membership function parameters that best allow the associated fuzzy inference system to track the given input-output data. This learning method works in a similar manner to that of neural networks. There is a MATLAB function in the Fuzzy Logic Toolbox that accomplishes this membership function parameter adjustment called ANFIS. The hybrid adaptive neuro-fuzzy function ANFIS is used for system identification which is the major training routine for Sugeno-type fuzzy inference systems (FIS). ANFIS has proven to be excellent function approximation tool (Jang, 1993) , (Jang & Gulley 1995) . Figure 2 shows the basic structure of the ANFIS algorithm for a first order Sugeno-style fuzzy system. It is worth noting that the Layer-1 consists of membership functions described by generalized bell function: 
where ρ and r are adaptable parameters. Layer-5 is simple summation of the outputs of layer-4. The adjustment of modifiable parameters is a two step process. First, information is propagated forward in the network until Layer-4, where the parameters are identified by a least-squares estimator. Then the parameters in Layer-2 are modified using gradient descent. The only user specified information is the number of membership functions in the universe of discourse for each input and output as training information. The ANFIS offers similar level of performance for error convergence as compared to GAs. The corresponding auto-power spectral density is shown in Fig. 4 , further demonstrating the similarity and level of error convergence. As shown in Fig.   3 , the solid signal in Fig. 4 represents actual output and the dotted one the estimated output of the model. Fig. 4a : Performance of the GAs in auto-power spectral density Fig. 4b : Performance of the ANFIS algorithm in auto-power spectral density Table 1 shows the summary of the error convergence and the corresponding time to achieve that performance of the algorithms. The error has been calculated based on the differences between absolute value of the original and the estimated signal. On the other hand, the convergence time of the algorithms was measured for 6000 iterations. It is noted that ANFIS offers better performance for the error convergences, although the overall performance variation are not very significant.
(IMPLEMENTATION AND RESULTS

As
However, the convergence time in implementing the ANFIS is almost 1.5 times higher as compared to the GAs for a fixed number of bit representation and population. To demonstrate GAs performance further, Table 2 shows the summary of the computing performance in implementing GAs based model for similar level of error convergence and fixed number of iterations (6000). It is noted that for the same number of population (32), the execution time increases 6 times for 5 times increment of the bit representation, whereas it increases 14.5 times for 10 times increment of the bit representation. It is also noted that the execution time taken for the system identification is higher for larger bit representation or larger population size. Figure 5 shows the endpoint deflection of the beam before vibration suppression. Figures 6 and 7 are the corresponding deflections at the same point after cancellation using GAs and ANFIS, respectively. Figure 6 depicts the time domain performance in implementing the A VC system using GAs. In contrast, Fig. 7 depicts the time domain performance in implementing the AVC system using ANFIS algorithm. Note that the ANFIS based control algorithm achieved significantly better performance as compared to the GAs. Also noteworthy is that the peak to peak amplitude before cancellation was +7 mm to -7 mm and decreased to +1.8 mm to - Fig. 8 , the solid line depicts the auto-power spectral density before cancellation and the doted line depicts the auto-power spectral density after cancellation in implementing the AVC system using GAs. In contrast, Fig. 9 presents the performance of ANFIS based controller, where the solid line represents before cancellation and doted line represents after cancellation. Note that a significant level of reduction is achieved by ANFIS for the first resonant frequency. As compared with the GAs based AVC system, ANFIS based system offers about 4 times better performance at first resonant mode.
However, this level of vibration suppression is not consistent for the higher resonant modes. In contrast, the GAs based AVC system achieved relatively better performance at higher resonant modes. This is further demonstrated in Figures 11 and 12 show the corresponding beam fluctuation after cancellation using GAs and ANFIS based AVC system, respectively. This is further reflected in Fig. 13 , which shows the cancellation of vibration along the beam length in dB. Note that the ANFIS offers a significant level of reduction as compared to the GAs.
Noteworthy is that the reduction of vibration level is not similar throughout the length due impact of different resonance modes at different segment. 
